Soil Mapping on a Swanton Pacific Ranch Rangeland by Witman, Thomas N
Soil Mapping on a Swanton Pacific Ranch Rangeland 
 
By 
Thomas N. Witman 
 
 
 
 
Lynn E. Moody 
Advisor 
 
 
 
 
 
 
Natural Resources and Environmental Science Department 
California Polytechnic State University 
San Luis Obispo 
2012 
ii 
 
Approval Page 
 
This Senior Project is approved by my senior project advisor to fulfill my senior project 
requirement for my Bachelors of Science in Soil Science at California Polytechnic State 
University at San Luis Obispo 
              
Senior Project Advisor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
Acknowledgements 
 
I would like to thank the staff at Swanton Pacific Ranch for letting me spend the time and 
using their equipment to make this senior project possible. I would like to thank my parents for 
supporting me through my college career and life in general. I would like to thank Dr. Lynn 
Moody for being my senior project advisor and helping me out every step of the way. I would 
also like to thank Dr. Ron Taskey for giving me the idea for my senior project and directing me, 
and I would also like to thank Russell White for providing GIS data and advice. I would like to 
also thank the staff of the Natural Resources and Environmental Sciences department for helping 
and teaching me these three years. I would also like to thank Zachary Smith, Michael Founds, 
Glade Dlott , Brent Anderson, and Natalie Rossington for GIS assistance and other assorted  bits 
of advice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
Table of Contents 
 Page 
Acknowledgements ........................................................................................................................ iii 
Table of Contents ........................................................................................................................... iv 
Abstract ..................................................................................................................................... vii 
Chapter I Introduction ..................................................................................................................... 1 
A Background information and problem statement .................................................................... 1 
Importance of the Project ............................................................................................................ 1 
Overall research goal ................................................................................................................... 1 
History of Swanton Pacific Ranch and the Study Area .............................................................. 1 
Geology ....................................................................................................................................... 2 
Objective Statement .................................................................................................................... 3 
Chapter 2 Literature Review ........................................................................................................... 3 
Chapter 3 Methods and Materials ................................................................................................... 8 
Materials ...................................................................................................................................... 8 
Figure 1. Site Area and Pasture Areas......................................................................................... 8 
Figure 2. Overhead North Facing View of Study Area............................................................... 9 
Methods......................................................................................................................................... 11 
Figure 5. Landscape Hierarchy (Taskey Written Comm 2011) ................................................ 12 
Figure 6. Soil Pit Locations with Total Area ............................................................................ 13 
Chapter 4 Results and Discussions ............................................................................................... 13 
v 
 
Figure 7. Hierarchy Applied to Site Area ................................................................................. 14 
Figure 9. Land Type and Site Area ........................................................................................... 16 
Figure 10. Land Type, and Component with Site Area ............................................................ 17 
Figure 11. Site area with Land Type and Land Element (Cal Poly NRM GIS Database 2011) 18 
Figure 12. Site Area with Land Type, Modifier, Element and Component .............................. 19 
Legend for Figure 12. ................................................................................................................ 20 
Figure 13. Landscape Delineations and Study Area Results (NRM Database 2011) ............... 24 
Soils Mapped ............................................................................................................................. 25 
Watsonville Series ..................................................................................................................... 25 
WATSONVILLE SERIES Variant 1 ........................................................................................ 25 
Figure 14. Watsonville Series Variant 1 Extent on Site Area ................................................... 25 
Figure 15. Watsonville Series Variant 2 Extent on Site Area ................................................... 27 
WATSONVILLE SERIES Variant 2 ........................................................................................ 28 
Figure 16. Watsonville Series Variant 3 Extent on Site Area ................................................... 29 
WATSONVILLE SERIES Variant 3 ........................................................................................ 30 
BONNYDOON SERIES ........................................................................................................... 33 
Figure 17. Bonnydoon Series Variant 1 Extent on Site Area.................................................... 34 
Figure 18. Bonnydoon Series Variant 2 Extent on Site Area.................................................... 35 
Figure 19. Bonnydoon Rock Outcrop Association Extent on Site Area ................................... 36 
BONNYDOON Rock Outcrop Association .............................................................................. 37 
vi 
 
Figure 20. Aptos Series Extent on Site Area ............................................................................. 38 
Aptos Series............................................................................................................................... 39 
Soquel Series ............................................................................................................................. 41 
Figure 21. Soquel Series Extent on Site Area ........................................................................... 41 
Al Smith Series.......................................................................................................................... 44 
Figure 22. Al Smith Series Extent on Site Area ........................................................................ 44 
Discussion ..................................................................................................................................... 47 
Conclusions ............................................................................................................................... 47 
References ..................................................................................................................................... 48 
Appendix ....................................................................................................................................... 51 
Field Notes ................................................................................................................................ 51 
Pit 1 ........................................................................................................................................... 51 
Pit 2 ........................................................................................................................................... 53 
Pit 3 ........................................................................................................................................... 54 
Pit 4 ........................................................................................................................................... 55 
Pit 5 ........................................................................................................................................... 56 
Pit 6 ........................................................................................................................................... 57 
Pit 8 ........................................................................................................................................... 58 
Pit 9 ........................................................................................................................................... 59 
  
vii 
 
Abstract 
 Knowledge of soils has become very important in most land based enterprises. The 
understanding of soils is necessary for all different types of land management projects. The 
USDA mapped all of the soils in the United States starting in the late 1950’s to provide the 
necessary information. However because the mappers often times had to map entire counties in 
short amounts of time ,did not have modern technology, and had rather a vague operating 
procedure, there was no way to be accurate on the small scaled. To solve this problem I 
evaluated Dr. Ron Taskey’s landscape hierarchy, a method that utilizes changes in landscape to 
make a clear system for creation of soil map units. This evaluation was tested by finding typical 
pedons for each of the landforms using the Keys to Soil Taxonomy. Once the typical pedons are 
matched to known soil series, the total areas were delineated, in part by a soil auger to find 
boundaries. After mapping the area, it was discovered that the landscape hierarchy was very 
accurate at creating the soil map unit boundaries, and though this was not its intention, it was 
able to predict in some on tens of acres scale soil boundaries, and even on a smaller it was still 
very accurate with a few misdiagnosed boundaries. Overall, the landscape hierarchy worked very 
well to get the general overview of the soil area and was able to create a clear system but it was 
still necessary to delineate the boundaries in the field. 
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Chapter I Introduction 
 
 A Background information and problem statement 
 
 The Natural Resource Conservation Service (NRCS) started mapping soils shortly after 
the Great Depression to ensure that there would not be another “dust bowl”. Since the dust bowl, 
soil surveys have been used to not just help with farming, but land management as well. 
However, because of time, budget shortages, the lack of technology at the time, and somewhat 
vague mapping instructions used to map soils, often the boundaries were incorrect or the map 
unit itself was not correct due to general nature of the maps due to size (Zyleman et al.,2005). 
 Importance of the Project 
 
 This project is important because in addition to giving Swanton Pacific Ranch an 
accurate and detailed soil map, is to test Dr. Ron Taskey’s delineated boundaries to see if the 
Landscape Hierarchy is a viable way to predict where soil boundaries occur. 
 
Overall research goal 
 
 The overall goal of this project was to map the soils on an area of Swanton Pacific 
Ranch’s rangeland and use this map to test the accuracy of Dr. Ron Taskey’s Landscape 
Hierarchy for soil mapping. 
  
 
History of Swanton Pacific Ranch and the Study Area 
 
 The land that now belongs to Swanton Pacific Ranch was originally occupied by the 
Ohalone Native American tribe. Artifacts found close to Waddell and Scotts Creek provide 
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evidence  the Ohalone inhabited these areas. The Ohalone remained there until the 1843 when 
the Mexican Land Grant gave the ownership to Ramon Rodriguez and Francisco Alviso. 
 Swanton Pacific Ranch was used primarily for cattle grazing, farming, and timber 
harvesting by smaller farmers and ranchers before Albert Smith bought it in 1978. The site area 
that I studied was used primarily for homesteading. After that it was discovered that artichokes 
and Brussel sprouts grow very well in that climate and the trees were removed in favor of 
farmland with some area designated for rangeland. This continued until 1978 when Al Smith 
bought the ranch and converted the study area into full time grazing (Smith, 1990). In 1993 
Swanton Pacific Ranch was given to Cal Poly San Luis Obispo. Today it is used by Cal Poly San 
Luis Obispo for classes, internships, and research in the Forestry, Natural Resources, 
Environmental Management, and Animal Science majors from Cal Poly San Luis Obispo (Smith, 
1990). 
 
 
 Geology 
 The rock types of the study area are part of the Santa Cruz Formation. The vast majority 
of the Santa Cruz Formation is Miocene age siliceous mudstone (White et al, 2009). The 
topography forms from ascending marine terraces.   
 Marine terraces are landforms that are formed by waves cutting into the land in times of 
higher sea level then before being exposed by tectonic uplift and can be an indicator for sea 
levels and land deformation during this period (Moody and Graham, 1994). This marine terrace 
was found to contain a large contribution of aeolian sands in addition to the siliceous mudstone 
parent material (White et al, 2008).  
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Objective Statement 
 
 Knowledge of a project is critical for the owners at Swanton Pacific Ranch to have an 
accurate soil map to minimize erosion which could inhibit the ability of the rangeland to feed the 
many heads of cattle. Also this project will serve to test Dr. Ron Taskey’s Landscape Hierarchy 
preliminary assessments for accuracy when compared to detailed soil’s map of the area. 
Chapter 2 Literature Review 
 
 Knowledge of soil types is and has always been one of the major pieces of information 
that all land managers must have. From city planners to rangeland management, a solid 
understanding of the soils in the management area can be the most important factor in land 
management. Because of this it is highly desirable to have an accurate map of the soils that are 
on any given site.  
 The USDA has very specific rules and guidelines for describing soils and identifying the 
taxonomy of a soil. However, present soil mapping procedures are rather open ended when done 
on an area greater than one hectare (Soil Survey Division Staff, 1993) and often times found to 
be inaccurate (Zyleman et al, 2005).  
 Variations in soil in a relatively small area can be common in Santa Cruz County (White 
et al, 2009). This is mainly caused by the topography contributing to the parent material in the 
Santa Cruz area. The varying topography in conjunction with the siliceous mudstone parent 
material and Aeolian sand contribution can cause varied soils. However, the variation in soils is 
also caused by the varied aspect, climate, vegetation, and human impact in the area (Brady and 
Weil, 2002). 
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 The parent material for the soils in this area mainly consists of aeolian sands and 
siliceous mudstone with some contributions from the sandstone ,though no sandstone has been 
located on the surface. The siliceous mudstone with the aeolian sand contributions tends to form 
soils which consist of mostly sands and silts with very little clays (White et al, 2008).  Because 
of large amounts of sands and silts in the soil, most of the soils tend to be loams. However, in the 
deeper drainage areas, specifically river beds, the soils often  times will have much higher 
amounts of clay present due to the increased weathering of the soil particles or transport from 
higher areas despite having the same parent material as the other soils  
 The site position contributes to differences in soils as well. Generally, the steepest areas 
will contain the shallowest soils because of their young age because the soil is eroded quicker 
due to the increased slope (Bockheim et al. 1996). The parent materials of the soils with steeper 
slopes are colluvium, and aeolian deposits (White et al, 2008) The site positions that would most 
likely follow this trend would be the shoulder, back slope, and upper back slope and should be 
fairly shallow compared to the site positions with gentler slopes. The deepest soils would likely 
be located at the toeslope, footslope, and at the summit of the hills. This is due to the lack of 
erosion at these particular locations and in the case of the foot and toeslope, the addition of the 
sediment from the other site positions. The deepest site positions would likely be the toeslope 
due to its lack of erosion and the additions it gets from alluvium, and colluvium followed by the 
footslope with its parent material deriving from residuum and colluvium followed by the summit 
with all of its parent material derived from residuum and some aeolian deposits (Yoo et al. 
2009).  Colluvium could also be present, burying some soil horizons. 
 The study area falls into a Mediterranean climate. The soils are in a xeric moisture 
regime. Its annual rainfall for the area ranges between 20-50 inches with 30 being the average 
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(NRCS 2000). Climate affects the different types of soils in several distinct ways. It accelerates 
weathering, causes clays to leach to the lower profiles, and supports more plant life and 
microbial activity in the soil profile (Brady and Weil 2002). The increase in carbonic acid from 
rain can cause the minerals to weather (Bockheim et al., 1994). In the xeric moisture regime, 
soils can be fairly deep; however, in areas where runoff and erosion are common, the soils tend 
to be shallow (Bockheim et al, 1994).  
 The vegetation of the area can contribute to soil development in several different ways. 
The vegetation could act as a barrier to erosion. Because soils that have vegetation are more 
resistant to erosion, they often will be much deeper. The vegetation can increase the physical 
weathering of the various rocks and minerals by exerting pressure with the roots. An increase in 
organic matter accompanies an increase in vegetative growth, and this could lead to the creation 
of an organic horizon or (O horizon) (Egli et al., 2008). The vegetation of the area is mostly a 
mix of various species of perennial and annual grasses including pampas grass (Cortaderia 
selloana) and wild oats (Bromus vulgares), with some areas of milk thistle (Silybum marianum), 
and poison oak (Toxicodendron diversilobum). Because of the semi-regular grazing by cattle, the 
perennial plants, excluding the poison oak, seldom reach maturity.  This could affect the soils 
because some of the soils will have much more shelter from raindrop impact and this will inhibit 
erosion on these areas while uncovered areas will bear the full impacts of the raindrops. 
 Human and animal impact can affect the soils. This can cause compaction of the soil 
which can inhibit vegetative growth, permeability, and other properties of the soil. When the soil 
is compacted, the macropores which hold the air in the soil will be compressed. This will make it 
more difficult for roots to penetrate the soil, and will inhibit macropore flow which will inhibit 
the ability of water to percolate through the soil .  
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 Exposure to water can lead to an accumulation of salts on the upper horizons which can 
lead to soils that are resistant to water due to crusting. In areas where reservoirs are commonly 
found, crusting usually occurs because the salts in the water are left when the water evaporates 
and attach themselves to the soil particles increasing the soils salinity. However, this has not 
happened in this area.  
  When the USDA first started mapping soils after the Great Depression, they did not have 
any of the modern technology such as LIDAR or remote sensing. When the county soil survey 
maps were made, aerial photos and stereoscopes were used to identify areas of changing 
topography. Once aerial photos were taken and analyzed, pits would be dug where the mappers 
believed was a representative area. After that the mappers would interpret the area 
topographically to determine where the boundaries would be and use auger holes to check their 
hypotheses (Zyman et al., 2005). At the time this was the only feasible option because the soil 
surveys were done on the county scale. Due to time and budget issues, only one pit would be 
examined for several acres. After the soil was analyzed, mappers had to infer the soil boundaries 
by the changes in topography and parent rock. These soil surveys were surprisingly accurate in 
areas of unchanging topography and on the large scale. However, in areas of varied topography, 
it is very common to find incorrectly mapped boundaries and according to one study, the soils 
mapped by the NRCS, were accurate less than 50% of the time (Zyman et al, 2005). 
 There are other ways to map soils. The most thorough and the most time consuming is 
likely the first order soil survey. The order one soil survey involves digging pits in areas deemed 
representative of the study area, and classifying the soils using the newest edition of Keys to Soil 
Taxonomy. After the various soils are keyed out, then every fifty feet, auger holes are bored into 
the ground and boundaries are delineated by going up and down in a grid pattern to find the exact 
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location (USDA, 2011). The main problem with this approach is that it is very labor intensive 
and generally is only done in a small, manageable area. The USDA suggests an area of no more 
than 5 acres (USDA, 2011). It would be very hard to do this approach in a reasonable amount of 
time on a large area.  
 In areas of larger are a 2nd order soil survey or larger soil survey would be more 
appropriate. After the first order soil survey, the instructions for conducting soil mapping rely 
more and more on interpretation of the landscape due to the inability of the mapper too have the 
time or the funding to make auger holes every fifty feet like in the first order soil survey (Soil 
Survey Division Staff, 1993).  Because of the increasing value of the mapper’s interpretation of 
the changes in topography and soil forming factors errors can occur (Zyleman et al. 2005). These 
errors can be the result of the vague nature of soil mapping on large areas and their dependence 
on the mappers interpretation. 
 Another way to map soils is to use modeling programs to map soils. There are many 
different types of modeling to map soils, but all of them use inputs like known soil type in a 
given area and other characteristics including geology, slope and climate (Grunwald ,2009). 
However, soil science is a field study. Though modeling can be an accurate predictor of where 
differences in soil types occur, it is inaccurate at identifying what the differences will likely be 
(Grunwald,2009). However, it works very well to find the general trends and the maps 
themselves, can be updated and changed very easily (Sheng et al., 2009). 
 Ron Taskey’s experimental procedure landscape hierarchy is a viable alternative and a 
medium between the preceding methods. Ron Taskey’s landscape hierarchy is a defined five tier 
hierarchy that can be used to map soils. The fact that it is a clear defined hierarchy is important 
because contrary to USDA soil mapping, the Landscape Hierarchy has a clear procedure so that 
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every soil scientist will come to the same conclusion if done correctly (R Taskey personal comm 
2011). 
Chapter 3 Methods and Materials 
 
Materials 
The following materials are used for this project: Shovels and other digging implements, 
Munsell soil color charts, 10% hydrochloric acid, tape measures, compass, clinometer, Keys to 
Soil Taxonomy, and Arc GIS software and hardware. The study area is in the Swanton Pacific 
Ranch Rangeland in the upper areas of the former Artichoke field, lower T2 field and upper T2 
field (Fig 1). The acreage of the study area is 133.36 acres. The GPS coordinates of the study 
area are North 37° 2 minutes and West 122°13 56 minutes.  
 
 
Figure 1. Site Area and Pasture Areas 
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Figure 2. Overhead North Facing View of Study Area 
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Figure 3. Site 
area and Dr. Ron Taskey’s Landscape Delineations and Complete Landscape Hierarchy 
Delineations (Cal Poly NRM GIS Database 2011) 
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Methods 
The experimental main methods used for this experiment is the use of Dr. Ron Taskey’s 
Landscape Hierarchy. The Hierarchy is used as a deductive process to help determine landscape 
features in a taxonomic fashion much like determining the soil taxonomically. The first stage is 
the Land type, this refers to an extensive area such as a mountain or a large river valley and is the 
largest scale taking up thousands of acres. The land group is the next stage in the Landscape 
Hierarchy and is not always necessary. The times that it is necessary are when there is a complex 
landscape such as a landslide complex of area in the range of hundreds of acres. The land 
component is next and is in tens of hectares and is recognizable such as a stream terrace, marine 
terrace, or hill slope. The land element is the simplest geomorphic feature such a shoulder, a 
tread or a riser and describes part of a component (Fig.5).  The modifier can be used at any level 
of the hierarchy for specific clarification. Examples of modifiers could include aspect, slope, 
parent material, moisture class, vegetation class or any site specific conditions (R Taskey 
personal comm 2011). An example of a hierarchy for this project would be Santa Cruz mountain 
range for the Land Type, no land group, marine terrace at the component level and the land 
element being a tread. Each part of the hierarchy has a modifier in this example; the land type 
could have a mudstone parent material, the component could have marine terrace designation 3 
as a modifier, and the land type could have a zero to two percent slope modifier.  
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Figure 5. Landscape Hierarchy (Taskey Written Comm 2011) 
 
Using LIDAR and ArcGIS software to identify changes in topography and Ron Taskey’s 
landscape hierarchy and field investigation, the boundaries were redrawn only using the changes 
in landscape. After the boundaries are drawn, then a soil pit was dug (Fig.6) and a morphological 
description was made to identify the soil taxonomically and matched to an official USDA Soil 
Series Description. Once the soil description was made, then boundaries were delineated by 
auger investigation. If new soils were discovered, a subsequent soil pit was dug to clarify 
differences in total. One note is I hypothesized that the soil temperature regime is mesic in the 
higher elevation areas and thermic in the areas of lower elevation where fog is not as prevalent. 
Though in this experiment, no tests were done between the soil temperature of the higher and 
lower soils, the Santa Cruz Soil Survey gave some areas of higher elevations a mesic temperature 
regime while the areas of lower elevation, had a thermic temperature regime (Web Soil Survey, 
2010). 
 
Land Type  
  Land Group (optional)  
  Land Component  
  Land Element  
  Modifier  
 
13 
 
 
Figure 6. Soil Pit Locations with Total Area 
 
Chapter 4 Results and Discussions 
 
 Overall, the soil map units matched the changes in topography accurately on the large 
scale and on the whole, the landscape hierarchy predicts the general area of soil boundaries 
accurately.  
The entire site area was found to be within the Santa Cruz Mountain Range which is the 
land type for the entire area. These marine terraces are themselves found in the Santa Cruz 
Mountain Range which itself is found within the Pacific Coast Range. 
Once the land type was found, the next step on the landscape hierarchy is the land group. 
However, because of the lack of complex topography, there was no need for a land group so we 
proceed to the land component. The land component broke the site into three distinct areas, two 
different marine terraces and drainages. 
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Land Type Santa Cruz Mountain Range 
  Land Group (optional)  
  Land Component  
  Land Element  
  Modifier  
Figure 7. Hierarchy Applied to Site Area 
 
 Both of these marine terraces parent material almost exclusively out of siliceous 
mudstone with significant eolian sand deposits (White et al. 2009) . 
 
Following the component stage, the next subdivision is the land element. The land 
element is the simplest landscape feature. The elements that make up the study area are mixes of 
treads, risers, drainages, and at the north most edge of the study area steep area of the riser for 
Santa Cruz Marine Terrace 3. These elements contain many irregularities in topography which 
allows for many subdivisions in the modifier level. 
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The final level of the landscape hierarchy is the modifier level. The modifier can be used 
at any level to help differentiate two areas that the element does not or to differentiate 
components without specific elements. Examples of modifiers used in the site area include but 
are not limited to: mudstone rock outcroppings, slope, aspect, terrace number designation, or any 
of the soil forming factors.  
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Figure 9. Land Type and Site Area 
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Figure 10. Land Type, and Component with Site Area 
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Figure 11. Site area with Land Type and Land Element (Cal Poly NRM GIS Database 
2011) 
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Figure 12. Site Area with Land Type, Modifier, Element and Component 
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Legend for Figure 12. 
Land 
Unit 
# 
Land group Land Component Land 
Element 
Modifier(s) with level of 
Hierarchy that they are 
modifying.  
101 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element level. 
0-5 degree slope at the 
Component Level 
marine terrace designation 2 
and mudstone Parent 
Material  
102 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
mudstone rock outcropping 
0-40 degree slope 
Component Level  
marine terrace designation 2 
and mudstone parent 
material 
103 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level  
5-12 degree slope 
Component Level  
marine terrace designation 2 
and  mudstone parent 
material 
104 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
mudstone rock outcropping 
0-70 degree slope 
Component Level 
marine terrace designation 2 
and mudstone parent 
material 
105 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
Mudstone Rock 
Outcropping 0-40 degree 
slope 
Component Level  
marine terrace designation 2 
and Mudstone parent 
material 
106 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
0-10 degree slope 
Component Level 
marine terrace designation 2 
and mudstone parent 
material 
107 Santa Cruz 
Mountain Range 
Drainage  backslope Element Level 
0-10 degree slope 
Component Level  
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mudstone parent material 
108 Santa Cruz 
Mountain Range 
Drainage  backslope Element Level 10-70 
degree slope 
Component Level  
mudstone parent material 
109 Santa Cruz 
Mountain Range 
drainage  stream 
bottom 
Element Level  
0-5 degree slope and 
standing water 
Component Level  
Mudstone Parent Material 
 
110 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
0-10 degree slope 
Component Level  
marine terrace designation 3 
and mudstone parent 
material 
111 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
10-15 degree slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
112 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
Mudstone outcropping 0-
1degree  slope 
Component level 
marine terrace designation 3 
and mudstone parent 
material 
113 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
Mudstone outcropping 15-
degree% slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
114 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
North Facing and 5-15 
degree slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
115 Santa Cruz 
Mountain Range 
Marine Terrace  tread Element Level 
North Facing and 0-5degree 
slope 
Component Level 
marine terrace designation 
3 and mudstone parent 
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material 
116 Santa Cruz 
Mountain Range 
Drainage backslope Element Level 
0-10 degree slope 
117 Santa Cruz 
Mountain Range 
Drainage stream 
bottom 
Element Level 
0-5 degree slope 
118 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
0-5 degree slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
119 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
0-20 degree slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
120 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
South Facing 12-40 degree 
slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
 
121 Santa Cruz 
Mountain Range 
Marine Terrace  riser Element Level 
North Facing 15-40 degre 
slope 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
122 Santa Cruz 
Mountain Range 
Marine Terrace  riser 10-
65degree 
slope 
modifier 
Element Level 
North Facing Slope 14-30 
degree slope 
Component Level  
marine terrace designation 3 
and mudstone parent 
material 
123 Santa Cruz 
Mountain Range 
Marine Terrace  riser 10-
65 degree 
slope 
modifier 
Element Level 
North Facing Slope 30-60 
degree slope 
Component Level  
marine terrace designation 3 
and mudstone parent 
material 
124 Santa Cruz 
Mountain Range 
Marine Terrace riser 10-
65 degree 
slope 
modifier 
Element Level 
South Facing Slope 15-40 
degree slope  
Component Level 
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marine terrace designation 3 
and mudstone parent 
material 
125 Santa Cruz 
Mountain Range 
Marine Terrace riser 10-
65 degree 
slope 
modifier 
Element Level 
South Facing Slope 40-65 
degrees 
Component Level 
marine terrace designation 3 
and mudstone parent 
material 
126 Santa Cruz 
Mountain Range 
Marine Terrace  riser 10-
65 degree 
slope 
modifier 
Element Level 
Slope 10-30 degrees and 
poison oak plant 
communities  
Component Level 
marine terrace designation 3 
and mudstone parent 
material  
 
 After the soils were mapped, the Landscape Hierarchy was shown to be a very consistent 
guide to mapping soil boundaries. The area of the most accuracy was the north most edge where 
the landscape hierarchy correctly identified the effect aspect would have on the soil types. It also 
was very effective at identifying the effect that slope would have on soil types and where the 
boundaries would occur. Overall, the Landscape Hierarchy proved effective at making effective 
map units. 
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Figure 13. Landscape Delineations and Study Area Results (NRM Database 2011) 
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Soils Mapped 
 
Watsonville Series 
 
WATSONVILLE SERIES Variant 1 
 
 
Figure 14. Watsonville Series Variant 1 Extent on Site Area 
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Watsonville Series Variant 1 
TAXONOMIC CLASS: Fine loamy, mixed, thermic Xeric Argialbolls 
Ap1--0 to 7 cm ; dark grayish brown (10YR 4/2) loam, very dark grayish brown (10YR 3/2) 
moist;  fine granular structure; hard, firm, slightly sticky and slightly plastic; many fine roots; 
clear wavy boundary. 
Ap2--7-to 60 cm;very dark grayish brown (10YR 3/2) load, verydark brown (10 YR 3/2) moist; 
fine weak granular structure; hard, firm, slightly sticky and slightly plastic; many fine and very 
fine roots 
E--60 to 74 cm; yellowish brown (10YR 5/6) sandy loam, yellowish brown (10YR 5/4) moist; 
massive structure that breaks to subangular blocky; hard, firm, slightly sticky and slightly plastic; 
common fine and very fine roots; abrupt wavy boundary 
Bt-74 to 150 cm; brownish yellow (10YR 6/6) sandy clay, yellowish brown (10YR 5/6) moist; 
moderate coarse columnar structure; very hard, very firm, very sticky and very plastic; common 
fine and very fine roots. 
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Figure 15. Watsonville Series Variant 2 Extent on Site Area 
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WATSONVILLE SERIES Variant 2 
 
TAXONOMIC CLASS: Fine loamy, mixed, thermic Xeric Argialbolls 
A--0 to 33 cm; very dark brown (10YR 2/2) clay loam, black (10YR 2/1) moist; weak granular; 
hard, firm, moderatly sticky and slightlyplastic; few fine roots; abrupt wavy boundary.  
E--33 to 50 cm; yellowish brown (10YR 5/5) loam, dark yellowish brown (10YR 4/4) moist; 
moderate medium subangular blocky structure; hard, firm, slightly sticky and slightly plastic; 
common fine and very fine roots; gradual wavy boundary.  
Bt1--50 to 74 cm; yellowish brown (10YR 5/6) clay, dark yellowish brown (10YR 4/6) moist; 
moderate coarse columnar structure;  hard, firm, very sticky and very plastic; common fine and 
very fine roots; common fine; gradual wavy boundary.  
Bt2--74 to 99 cm; yellowish brown (10YR 5/6) clay, dark yellowish brown (10YR 4/5) moist, 
;coarse prismatic structure; very hard, very firm, very sticky and very plastic; common fine and 
fine roots; clay films on faces of peds; gradual wavy boundary.  
Bt3--99 to 107cm; yellowish (10YR 5/6) clay,  yellowish brown (10 YR 5/6) moist; massive; 
very hard, very firm, very sticky and very plastic; common fine and very fine roots ; clay films 
on faces of peds; gradual wavy boundary. 
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Figure 16. Watsonville Series Variant 3 Extent on Site Area 
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WATSONVILLE SERIES Variant 3 
TAXONOMIC CLASS: Fine loamy, mixed, thermic Xeric Argialbolls 
A--0 to 32 cm; very dark brown (10YR 2/2) sandy loam ,black  (10YR 2/1) moist; fine weak 
granular structure; hard, firm, slightly sticky and slightly plastic; common fine roots; abrupt 
wavy boundary.  
E--32 to 56 cm; yellowish brown (10YR 5/6) sandy loam, yellowish brown (10YR 5/4) moist; 
moderate medium subangular blocky structure; hard, firm, slightly sticky and slightly plastic; 
common fine and very fine roots; abrupt wavy boundary.  
Bt--56 to 120cm; yellowish brown (10YR 5/5) sandy clay loam, dark yellowish brown (10YR 
4/6) moist; moderate coarse columnar structure; very hard, very firm, very sticky and very 
plastic; common fine and very fine roots; gradual wavy boundary.  
C--120 to 130 cm; light gray (10YR 7/2) sandy loam, grayish brown (2.5Y 5/2) moist; 
massive; hard, friable,slightly sticky and plastic; few fine and very fine roots. 
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 The most common soil series that was mapped was by far the Watsonville series. The 
Watsonville series is in the soil family name Fine loamy, mixed, thermic Xeric Argialbolls. The 
three Watsonville variants took up 56 acres and 42 percent of the site area. However, even 
though the soils matched the Watsonville series, there was a great deal of variation in the 
Watsonville series found. The Watsonville variants were found exclusively on components of 
either risers or treads with moderate slopes of less than twenty degrees.  The majority of 
variations found were in terms of texture. The surface texture for most of the soils was found to 
be loam, but the textures ranged from sandy clay loam to clay loam with varying clay and sand 
percentages but silt percentages remaining fairly stable. The more clayey soils were found to be 
at the southern-most of the study area. This can be explained by the clay eluviation and the 
increased moisture content due to accumulation of water from runoff from the northern most 
map units.  
The colors also varied but not to the extent that the textures varied. Often times the soils 
in the lower areas in elevation would often have darker colors; this could potentially be 
explained by organic matter content in the soil due to varying moisture conditions and vegetation 
(C. A .Appel personal comm 2011). This soil was found in all areas except steep northern most 
region because it is a very old and deep soil, and it could not form on the steeper slopes.  
The vegetation found on the Watsonville soils was quite varied. In the areas along the 
stream beds riparian vegetation such as Juncus and Carex dominated, but in the dryer areas, a 
mix of perennial and annual grasses were the main component of the plant population. However, 
it was fairly common to see poison oak, milk thistle, and Carex spissia in the dry areas as well.  
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There was great variation in the slopes that range from 0 to 38 degrees or 0 to 78% 
slopes. However, more current LIDAR software picks up all the changes in slope and the 
steepest areas are from road cuts and man-made ponds. The average slope however was 15% or 
less. 
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BONNYDOON SERIES 
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Figure 17. Bonnydoon Series Variant 1 Extent on Site Area 
 
TAXONOMIC CLASS: Loamy, mixed, thermic, shallow Entic Haploxerolls 
Ap--0 to 12 cm; grayish brown (10YR 5/2) loam, very dark brown (7.5YR 2.5/2) moist; 
moderate medium subangular blocky and strong medium and coarse granular structure; hard, 
friable, slightly sticky and slightly plastic; many very fine and common fine roots; clear wavy 
boundary.  
A-12 to 22 cm; grayish brown (10YR 5/2) loam, very dark brown (7.5YR 2.5/2) moist; moderate 
medium angular blocky and coarse subangular blocky structure; hard, friable, slightly sticky and 
slightly plastic; many very fine and common fine roots; abrupt wavy boundary.  
Cr--22 cm-fine grained weathered and fractured mudstone 
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Figure 18. Bonnydoon Series Variant 2 Extent on Site Area 
 
Taxonomic Class Fine-Loamy,mixed, superactive,thermic,shallow Entic Haploxerolls 
A--0 to 12 cm dark grey (10YR 4/1) gravelly clay, very dark grey (10YR 3/1) moist, weak fine 
granular structure; hard, friable, slightly sticky and slightly plastic, many fine and very fine roots, 
15% coarse gravel rock fragments; gradual wavy boundary. 
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AC-- 12-35 cm  dark greyish brown (10YR 4/2) very gravelly clay, very dark  grey (10YR 3/1) 
moist, weak moderate subangular blocky structure that breaks to weak granular structure; hard 
friable slightly sticky and slightly plastic, many fine and very fine roots, 40% coarse gravel rock 
fragments, gradual wavy boundary. 
Cr—35 cm fine grained and fractured mudstone. 
 
Figure 19. Bonnydoon Rock Outcrop Association Extent on Site Area 
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BONNYDOON Rock Outcrop Association 
 
TAXONOMIC CLASS: Loamy,mixed, superactive,thermic,shallow Entic Haploxerolls 
A1--0-10 cm; grayish brown (10YR 5/2) loam, very dark brown (7.5 YR 2/2) moist; moderate 
medium subangular blocky and coarse granular structure; hard friable, slightly sticky and slightly 
plastic; many fine and common fine roots; clear wavy boundary. 
 
A2--10-14 cm; grayish brown (10YR 5/2) loam, very dark brown (7.5 YR 2/2) moist; moderate 
medium subangular blocky and strong medium and coarse granular structure; hard friable, 
slightly sticky and slightly plastic; many fine and common fine roots; clear abrupt boundary. 
 
Cr—14 cm; fine grained weathered and fractured mudstone  
 
 
 
The Bonnydoon soil was the second most commonly found soil. The Bonnydoon soil’s 
family name is loamy, mixed, thermic, shallow Entic Haploxerolls.  The total area that 
Bonnydoon took up 44 acres with 28 acres not being associated with rock outcroppings and 16 
acres associated with rock outcroppings. The Bonnydoon series took up approximately 33% of 
the total study area.  This soil was typically though not only found in areas of high slope, rock 
outcroppings and on moderately steep and steep slopes of south facing aspect. The soil itself is 
found throughout the study area on all of the components of the hierachy and is not limited by 
elevation but limited to areas of greater than 20 degree slopes. There was some variation in terms 
of texture between the Bonnydoon Variant 2 and Bonnydoon Variant 1 and the Bonydoon rock 
outcropping complex. The vegetation found in these areas tends to be mostly annual grasses with 
some thistles and Cortaderia jubata. The slopes were the most diverse for this map unit with the 
slopes ranging from 0-70 degrees. This is due to the fact that Bonnydoon soils area often found 
near to rock outcroppings which have vertical cliffs. 
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Figure 20. Aptos Series Extent on Site Area 
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Aptos Series 
TAXONOMIC CLASS: Fine-loamy, mixed, mesic Pachic Ultic Argixerolls 
Oi-0 to 1 cm; twigs and leaves of vegetative cover; abrupt smooth boundary.  
A1--1 to 9cm; dark grayish brown (10YR 4/2) sandy loam, veru dark brown (10YR 2/2) moist; 
weak granular; slightly hard, friable, nonsticky and nonplastic;, common fine and very fine roots; 
clear wavy boundary.  
A2--9 to 20 cm; dark grayish brown (10YR 4/2) sandy loam,very dark brown (10YR 2/2) moist; 
weak granular structure; slightly hard, nonsticky and nonplastic, common fine and very fine 
roots; clear wavy boundary.  
Bt--20 to 55 cm; dark grayish brown (10YR 4/4) clay loam, dark yellowish brown (10YR 3/4) 
moist; weak granular structure; hard, , sticky and plastic;, common fine and very fine roots; 
common thin clay films; gradual irregular boundary.  
Cr 55 cm fine-grained and fractured mudstone. 
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The Aptos soil was only found in the northernmost parts of the study area. The family 
name for Aptos was fine-loamy, mixed, mesic Pachic Ultic Argixerolls.  The total area of the 
Aptos series was 3 acres and four percent of the total study area. It was only located on north 
facing moderate slope modifiers in the north eastern section of the stud in the north eastern 
section of the stud area, typically contained much more vegetative cover than the south facing 
slopes ,and was located in the northernmost region of the marine terrace component with the 
designation 3. There was little variety found between the different areas where Aptos was found.  
The surface texture of Aptos is a loam with clay increases at depth. Also it was the only profile 
to contain an O horizon which could be maintained by the cooler temperatures of the north 
facing slope. The vegetation found on the Aptos soils were primarily perennial and annual 
grasses however, there were a few coast live oak (Quercus agrifolia) found in this area along 
with poison oak.  The slope was 14 to 30 degree slopes.  
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 Soquel Series 
 
Figure 21. Soquel Series Extent on Site Area 
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TAXONOMIC CLASS: Fine-loamy, mixed, mesic Cumulic, Haploxerolls 
A1--0 to 15 cm; very dark brown (10YR 2/2) loam, very dark brown (10YR 2/2) moist; weak 
fine granular; hard, friable, slightly sticky and slightly plastic; common very fine ,medium, and 
few coarse roots;  abrupt wavy boundary.  
Ab--15 to 25 cm; very dark brown (10YR 2/2) ,gravelly loam, very dark brown (10YR 2/2) 
moist; weak fine granular structure; hard, friable, sticky and slightly plastic; many very fine, 
medium and coarse roots; clear wavy boundary.  
A2--25 to 65 cm; very dark brown (10YR 2/2) loam, very dark brown (10YR 2/2) moist; weak 
fine granular structure; hard, friable, slightly sticky and slightly plastic; many medium and 
coarse roots; gradual wavy boundary.  
B--65 to 130 cm;brown (10 YR 4/3) sandy clay loam, dark brown (10 YR 3/3) weak coarse 
subangular blocky structure; hard, friable, moderately sticky and moderately plastic; few verfine 
roots. 
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The Soquel soil was found only in northern most areas in drainage ways. The family 
name for the Soquel series was fine-loamy, mixed, mesic Cumulic Haploxerolls. The Soquel 
Series takes up 3.29 acres which is 2.5 percent of the total study area. It was located in the 
northeast-most part of the study area and was only located on the marine terrace component with 
a riser element between north and south facing slopes. The soil itself was found to have very 
little variability between different areas. A unique attribute is that it contains a buried A horizon. 
This could be explained by possibly a landslide that went through the area and buried an older 
horizon. It however, was much deeper than the other soils on the north and south sides. This is 
explained by its gentler slope and increased vegetative cover. The vegetativive cover that it 
consistently has is poison oak (Toxicodendron diversilobum). Because of the harm of ingestion 
of poison oak, the cows will eat all the other plants in the area leaving the poison oak to grow in 
these areas and provide increased cover. 
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Al Smith Series 
 
Figure 22. Al Smith Series Extent on Site Area 
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TAXONOMIC CLASS: Fine loamy, mixed, thermic Xeric Argialbolls 
Ap--0 to 10 cm; dark gray (10YR 4/1) clay, very dark grey (10YR 3/1) moist, weak fine granular 
structure; hard, friable, moderately sticky, and moderately plastic; very common fine and very 
fine roots; smooth wavy boundary. 
A--10 to 50 cm; dark gray (10YR 4/1) clay, very dark grey (10YR 3/1) moist, weak subangular 
blocky structure breaking to fine granular structure, hard, friable, moderately sticky and slightly 
plastic; common fine and very fine roots; clear wavy boundary. 
E--50 to 65 cm; gray (10YR 6/1) sandy loam, dark grayish brown (10YR 4/2)  moist, weak fine 
and subangular blocky structure breaking to fine granular structure, hard, friable, moderately 
sticky and moderately plastic; common fine and very fine roots; abrupt clear boundary. 
Bt--65-90 cm; black (10YR 2/1) sandy clay, black (10YR 2/1) moist, yellowish brown (10YR 
5/6) mottles, dark yellowish brown (10YR 4/6) moist; weak subangular blocky structure 
breaking to medium granular structure, hard, friable, moderately sticky, and moderately plastic; 
few fine roots; smooth  wavy boundary. 
C--90 to 114 cm; grayish brown (10YR 5/2) Sandy clay loam, grey (10YR 5/1) moist; weak 
subangular blocky structure breaking to fine granular structure, hard, friable, moderately sticky, 
and moderately plastic; few fine roots; smooth wavy boundary. 
Cr --114 - cm; fine grained and fractured  mudstone; 
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The Al Smith series is a unique soil found at Swanton, and was found in areas of 
moderate slopes on the riser for marine terrace 2 and adjacent to mudstone rock outcroppings on 
marine terrace 1. The family name for the Al Smith series is Fine loamy, mixed, thermic Xeric 
Argialbolls. The Al Smith Series takes up 34.76 acres which is 26% of the total area. These soils 
are very similar to the Watsonville variants however; the main difference is the depth to parent 
material. The Watsonville series has a very deep depth class while the Al Smith has a deep depth 
class. 
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Discussion 
 The Landscape Hierarchy guide was found to be very efficient at determining where map 
unit boundaries. Because it has a clear defined system it allows for map units to be made with the 
same criteria so results can be replicated with ease. 
Conclusions 
 The landscape hierarchy’s soil boundaries were found to be extremely accurate on the 
large scale and very accurate on smaller scales, however sometimes it emphasizes changes in the 
topography which do not necessarily lead to significant changes in soil types. However it is 
shown to be an accurate predictor of soil type boundaries, but it should be accompanied by field 
investigation of soils to determine accuracy.  
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